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ABSTRACT 

The CSM o r b i t a l  s c i e n c e  expe r imen t s  fo r  mon i to r ing  

l u n a r  s u r f a c e  X-ray and y-ray emis s ion  on Apol lo  1 6  and 17 

can  a l s o  p r o v i d e  g a l a c t i c  X-ray and y-ray astronomy da ta  

which may be of s c i e n t i f i c  i n t e r e s t .  

t h r e e  p , s r t i o n s  of  t h e  ce les t ia l  s p h e r e  be viewed by bo th  t h e  

X-ray and y-ray d e t e c t o r s  f o r  1 / 2  hour  each  w i t h  c o n t i n g e n c i e s  

g i v e n  f o r  s i t u a t i o n s  when more o r  less t i m e  i s  a v a i l a b l e .  

Also when t h e  s p a c e c r a f t  i s  i n  t h e  p a s s i v e  the rma l  c o n t r o l  

mode it i s  sugges ted  t h a t  t h e  X-ray exper iment  a c q u i r e  d a t a  

f o r  5 hour s  and t h e  y-ray experiment  f o r  50 h o u r s .  

d a t a  could also be ob ta ined  f o r  s h o r t e r  p e r i o d s .  

I t  i s  sugges ted  t h a t  

Valuable  
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MEMORANDUM FOR FILE 

I. The Experiments 

The CSM science complement includes experiments 
designed for surveying the lunar X-ray and gamma-ray emis- 
sion characteristics. The X-ray spectrometer (S-161) consists 
of three proportional counters covering the energy range from 
1 to 6 keV. The total area of the 3 detectors is 50 cm2 
collimated to a field of view 60' x 60' .  Two of the detec- 
tors will be covered with aluminum and magnesium windows in 
addition to the beryllium window common to all 3 detectors. 
The A1 and Mg windows provide spectral information between 
1.0 and 1 . 3  keV because of the difference in the absorption 
edges of these materials. The percentage energy resolution 
varies inversely as the square root of the energy detected. 
At 6 keV it is 'L 20%,  at 1 keV it is 50%. 

The gamma-ray detector ( S - 1 6 0 )  is a single N a I  crystal 
optically coupled to a photomultiplier tube. This crystal 
has a   TI field of view and a surface area of 40 cm2. The 
energy range covered will be 100 keV to 10 MeV. Even when 
viewing the moon, the cosmic gamma-ray flux should exceed any 
emission from natural lunar radioactivity. 

With the exception of the field of view, these 
instruments are similar to those used in X-ray astronomy 
experiments in rockets and y-ray astronomy experiments such 
as flown in balloons. Both instruments are configured such 
that they point in the same direction. 

There are several non-lunar viewing requirements 
already established for these experiments to obtain background 
calibration data. Background for the X-ray experiment will 
be taken during 3 rolls to allow deep space to be viewed from 
lunar orbit. After transearth injection, a period of 6 hours 
is required to obtain sky background for the y-ray experiment 
to determine the efficiency of the cosmic ray veto system and 
the contribution of cosmic y-rays. There is also a requirement 
that the y-ray experiment acquire 24 hours of galactic viewing 
data during the transearth segment of the mission. 
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11. Sugges t ions  fo r  X-ray and y-ray Astronomy Data 

I t  i s  sugges t ed  h e r e  t h a t  t h e  X-ray and y-ray 
expe r imen t s  remain o p e r a t i o n a l  d u r i n g  a p o r t i o n  of t h e  
t r a n s e a r t h  segment of t h e  mis s ion  t o  o b t a i n  a s t r o n o m i c a l  
d a t a .  Three  p o r t i o n s  of t h e  c e l e s t i a l  s p h e r e  are of s p e c i a l  
i n t e r e s t .  These are 1) t h e  galactic c e n t e r ,  2 )  t h e  g a l a c t i c  
p o l e ,  3 )  t h e  C r a b  Nebula.  Each of t h e s e  r e g i o n s  is  w e l l  
s e p a r a t e d  on t h e  ce l e s t i a l  sphe re .  Toward t h e  g a l a c t i c  c e n t e r  
t h e  s t r o n g  s o u r c e s  such  as Sco XR-1 w i l l  make a s i n g l e  combined 
X-ray spectrum. Looking toward t h e  ga lac t ic  p o l e  o n l y  t h e  
i s o t r o p i c  d i f f u s e  r a d i a t i o n  should  c o n t r i b u t e  i n  bo th  X-rays 
and y-rays.  There  are  no known s t r o n g  d i s c r e t e  X-ray s o u r c e s  
i n  t h e  r e g i o n  of t h e  Crab Nebula which i s  l o c a t e d  v e r y  n e a r  
t h e  g a l a c t i c  a n t i c e n t e r ;  however, t h e  Crab w i l l  c o n s t i t u t e  
o n l y  approximate ly  2 5 %  of t h e  t o t a l  f l u x  a t  a l l  e n e r g i e s  f o r  
b o t h  d e t e c t o r s .  T h i s  i s  observed because  of t h e  s u b s t a n t i a l  
c o n t r i b u t i o n  f r o m  t h e  d i f f u s e  r a d i a t i o n .  A f t e r  t h e s e  s p e c i f i c  
measurements a d d i t i o n a l  X-ray and y-ray d a t a  can  b e  o b t a i n e d  
i n  t h e  p a s s i v e  the rma l  c o n t r o l  (PTC) mode provided  t h e  X-ray 
d e t e c t o r s  n o t  be  l e f t  on when l o o k i n g  a t  t h e  sun .  

The equinox p e r i o d s  (October  o r  March) are par t ic-  
u l a r l y  good for  t h e s e  s t e l l a r  o b s e r v a t i o n s .  The sun  w i l l  be 
n e a r l y  9 0 °  from b o t h  t h e  g a l a c t i c  c e n t e r  and t h e  C r a b  Nebula.  
The n o r t h  g a l a c t i c  p o l e  w i l l  be Q 25' from t h e  sun  i n  October 
and t h u s  t h e  s o u t h  p o l a r  r e g i o n  should  be viewed. 

I n  t h e  X-ray energy r e g i o n  cove red ,  t h e  d a t a  f o r  
Sco XR-1  may p r o v i d e  some i n d i c a t i o n  of l i n e  emis s ion  which 
i s  due  t o  t h e  v a r i o u s  K-a t r a n s i t i o n s .  The e x i s t e n c e  of  l i n e s  
cou ld  be de termined  t o  bet ter  t h a n  1% of t h e  t o t a l  continuum 
r a d i a t i o n .  The p o l e  r e g i o n  w i l l  give v a l u a b l e  d e t a i l e d  
i n f o r m a t i o n  on t h e  s p e c t r a l  c h a r a c t e r i s t i c s  of  t h e  d i f f u s e  
r a d i a t i o n  i n  t h e  X-ray r eg ion .  I t  i s  d o u b t f u l  t h a t  t h e  gamma- 
r a y  d e t e c t o r  w i l l  detect  any s i g n i f i c a n t  f l u x  from any of  t h e  
d i s c r e t e  s o u r c e s  w i t h  t h e  p o s s i b l e  e x c e p t i o n  of t h e  Crab. 

These ex tended  t i m e  o b s e r v a t i o n s  are of v a l u e  f o r  
t w o  r e a s o n s .  
p a r t i c u l a r l y  f o r  t h e  gamma-ray exper iment .  
u s e f u l  o p e r a t i o n a l  i n fo rma t ion  concern ing  t h e  f e a s i b i l i t y  of 
o b t a i n i n g  X-ray and y-ray d a t a  from manned s p a c e c r a f t .  I t  i s  
i m p o r t a n t  t o  emphasize t h a t  t h e  X-ray d a t a  o b t a i n e d  from 
celest ia l  s o u r c e s  i s  f o r  c o r r o b o r a t i v e  use  o n l y .  D a t a  w i t h  
much h i g h e r  a n g u l a r  r e s o l u t i o n  w i l l  be ob ta ined  from SAS-A 
expe r imen t s  and be ava i lab le  p r i o r  t o  t h e  f a l l  1 9 7 1  launch  
of  Apol lo  1 6 .  The gamma-ray d a t a  i s  of p o t e n t i a l  s c i e n t i f i c  
u s e  because  of t h e  l o n g e r  viewing t i m e  t h a n  t h a t  a f f o r d e d  by 
b a l l o o n s .  

F i r s t  they o f f e r  high s t a t i s t i c a l  a c c u r a c y ,  
Secondly t h e y  o b t a i n  
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111. O b s e r v a t i o n  T i m e s  Required 

The o b s e r v a t i o n  times f o r  t h e  X-ray and y-ray e x p e r i -  
ments  shou ld  be 1 / 2  hour  f o r  t h e  ga lac t ic  c e n t e r ,  1 / 2  hour  fo r  
t h e  g a l a c t i c  p o l e  and 1 / 2  hour f o r  t h e  Crab Nebula.  These 
o b s e r v a t i o n  p e r i o d s  may occur  ar.ytime i n  t h e  50 hour p e r i o d  
a f t e r  t r a n s e a r t h  i n j e c t i o n ,  p r e f e r a b l y  as soon as p o s s i b l e .  If 
a d d i t i o n a l  t i m e  i s  a v a i l a b l e  it shou ld  be  devoted  t o  o b s e r v a t i o n s  
of  t h e  ga l ac t i c  c e n t e r ,  and if less t i m e  i s  a v a i l a b l e  no observa-  
t i o n s  of t h e  C r a b  r e g i o n  should be  made w i t h  an even s p l i t  i n  
t i m e  between t h e  g a l a c t i c  po le  and g a l a c t i c  c e n t e r .  

Because t h e  coun t  rates f o r  t h e  y-ray exper iment  are 
t y p i c a l l y  1/100 t o  1/10,000 t h o s e  a n t i c i p a t e d  f o r  t h e  X-ray 
expe r imen t  and due t o  t h e  f a c t  t h a t  t h e  gamma-ray expe r imen t  
is  n o t  b o t h e r e d  by t h e  s t r o n g  s o l a r  emis s ion  ( t h e  sun  shou ld  
c o n t r i b u t e  less t h a n  5% of t h e  background a t  1 0 0  keV), it i s  
recommended t h a t  t h e  y-ray experiment  be l e f t  on f o r  a t  l ea s t  
50 h o u r s  d u r i n g  t h e  t r a n s e a r t h  segment of  t h e  mis s ion .  The 
s p a c e c r a f t  may be i n  t h e  PTC mode d u r i n g  t h i s  t i m e .  A s  a 
p a r t  of t h e  e x i s t i n g  experiment  p l a n ,  t h e  gamma-ray d e t e c t o r  
boom w i l l  be r e t r a c t e d  du r ing  s e v e r a l  hour s  of t h e  t r a n s e a r t h  
segment of t h e  mis s ion .  This  r e t r a c t i o n  i s  n e c e s s a r y  t o  o b t a i n  
background c a l i b r a t i o n  d a t a  and should  be adequa te  f o r  t h e  
a d d i t i o n a l  t a s k s  sugges ted  h e r e  f o r  t h i s  exper iment .  Otherwise  
t h e  boom should  be f u l l y  extended d u r i n g  o p e r a t i o n .  The X-ray 
expe r imen t  should be l e f t  o p e r a t i n g  5 hour s  w i t h  t h e  power 
b e i n g  removed from t h e  p r o p o r t i o n a l  c o u n t e r s  d u r i n g  t h e  p e r i o d s  
of  s o l a r  v iewing .  

I t  i s  w e l l  t o  remember t h a t  s ta t i s t ics  improve as 
t h e  $= t h u s  12 .5  hours  is  o n l y  5 0 %  r e d u c t i o n  i n  t h e  
s t a t i s t i c a l  accu racy  from t h a t  o b t a i n e d  a t  50 hour s .  S i n c e  
b a l l o o n s  c a r r y  s imi l a r  d e t e c t o r s  f o r  6 h o u r s  o r  more, t h e r e  
i s  l i t t l e  advantage  t o  o p e r a t i n g  f o r  a p e r i o d  s h o r t e r  t h a n  
t h i s .  

I V .  Background P o s s i b i l i t i e s  f o r  t h e  Gamma-Ray D e t e c t o r  

The a n t i c o i n c i d e n c e  shield should  p r o v i d e  adequa te  
background r e j e c t i o n  from charged p a r t i c l e s .  The g e n e r a t i o n  
of secondary  gamma r a y s  by t h e  s p a c e c r a f t  i s  known t o  o c c u r ,  
b u t  it i s  n o t  p o s s i b l e  t o  p r e d i c t  i n  advance t h e  e x t e n t  of 
t h i s  background c o n t r i b u t i o n .  T h i s  c o n t r i b u t i o n  w i l l  b e  
i d e n t i f i e d  from t h e  d a t a  t aken  w i t h  t h e  boom i n  t h e  v a r i o u s  
r e t r a c t e d  p o s i t i o n s .  Resu l t s  from Rangers 3 and 5 i n d i c a t e  
t h a t  t h e  background induced by t h e s e  s p a c e c r a f t  f o r  a d e t e c t o r  
on a 6 f t  boom was 1 0 %  of t h e  n a t u r a l  d i f f u s e  f l u x .  

V .  A t t i t u d e  Data 

Concurren t  s p a c e c r a f t  a t t i t u d e  d a t a  w i l l  be  r e q u i r e d  
w i t h  t h e  X-ray and y-ray experiment  d a t a  t a k e n  d u r i n g  t h e  PTC 
mode. 
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It is recommended that the X-ray and y-ray experiments 
be pointed at the three celestial reqions previously mentioned 
for a total of 1.5 hours, and that the y-ray experiment be 
left on 50 h o u r s  and the X-ray experiment 5 hours after the PTC 
mode is initiated. 

1011-FFT-sh F. F .  Tomblin 
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